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Abstract Far too often, phenotypic divergence has
been misinterpreted as genetic divergence, and based
on phenotypic divergence, genetic divergence has
been indicated. We have attempted to disprove this
statement and call for the differentiation of pheno-
typic and genotypic variation.
Keywords Genotype   Phenotype   Plant breeding
Genetic divergence has been a hot topic in plant
breeding in recent decades, and still is. It should be
understood as the divergence of the gene pool of a
population from the gene pools of other populations,
which can be due to mutation, genetic drift and
selection. Hence genetic divergence describes genetic
divergence within the population, and as such is not
the same as phenotypic divergence (or diversity, as it
is usually termed—hereafter we will only use the
term divergence), which describes divergence within
the population in terms of phenotypic traits.
Unfortunately, all too often, genetic divergence is
misunderstood as phenotypic divergence (Anjani
2005; Arriel et al. 2007; Bisht et al. 2007; Bose and
Pradhan 2005; Debnath et al. 2008; Gashaw et al.
2007; Goswami et al. 2006; Hossain 2006; Kabir
et al. 2009; Khan et al. 2008; Kumar 2008; Shanm-
uganathan et al. 2006; Singh et al. 2006; Thayuman-
avan et al. 2009). This approach can be found in
interpreting experiments with a pool of genotypes
being studied in terms of various plant and crop traits,
and a simpliﬁcation is made that if two genotypes are
similar in such a multivariate phenotypic way, they
are genetically similar. Therefore this line of thinking
suggests that if members of a pool of genotypes are
diverse in terms of many traits, they are probably
genetically divergent over much of the genome.
The idea of associating phenotypes with genotypes
is somewhat basic and common in plant breeding, as
well as in the history of plant domestication carried
out through the selection of better plants for
M. Kozak
Department of Experimental Design and Bioinformatics,
Warsaw University of Life Sciences, Warsaw, Poland
J. Bocianowski (&)
Department of Mathematical and Statistical Methods,
Poznan ´ University of Life Sciences, Wojska Polskiego 28,
60-637 Poznan ´, Poland
e-mail: jboc@up.poznan.pl
A. Liersch   I. Bartkowiak-Broda
Department of Oilseed Crops, Plant Breeding and
Acclimatization Institute, National Research Institute,
Strzeszyn ´ska 36, 60-479 Poznan ´, Poland
M. Tartanus
Research Institute of Pomology and Floriculture,
Pomologiczna 18, 96-100 Skierniewice, Poland
F. A. Piotto   R. A. Azevedo
Departamento de Gene ´tica, Escola Superior de
Agricultura Luiz de Queiroz, Universidade de Sa ˜o Paulo,
Piracicaba CEP 13418-900, Brazil
123
Mol Breeding (2011) 28:277–280
DOI 10.1007/s11032-011-9583-9agricultural use. The recent widespread use of
molecular markers has been helpful in establishing
the direct association between phenotype and geno-
type. This has been carried out for several reasons,
including mapping genes and quantitative trait loci
(QTL), and the evaluation of divergence and genetic
distance among species accessions and their relatives.
However, several reports have shown that the corre-
lation between morphological traits and genotypes is
relatively low (Bar-Hen et al. 1995; Bernet et al.
2003; Kwon et al. 2005; Lefebvre et al. 2001;
Tommasini et al. 2003). In addition, some morpho-
logical traits, for example maize ﬂowering time
(Buckler et al. 2009), have been shown to be
controlled by many loci. Different morphological
traits might therefore have different levels of indica-
tion about genetic divergence. Compared with mor-
phological traits controlled by single major genes, the
phenotypic divergence computed from complex
morphological traits controlled by many genes would
therefore better reﬂect genetic divergence.
The problem is that what here constitutes a basis
for such an interpretation of genetic divergence is
actually phenotypic divergence within the pool of
genotypes. Is there any evidence that large pheno-
typic divergence is equivalent to large genetic
divergence? It is well established that the phenotypes
of a given genotype vary from environment to
environment, and from replication to replication in
one environment. Furthermore, in some cases the
high divergence of phenotypes is intrinsic to the
species. Tomato is a classical example of a strong
contrast between phenotypic and genetic variability,
since this plant species exhibits considerable mor-
phological divergence whilst its genetic divergence is
reduced, and it is estimated that tomato only has
around 5% of the variation shown by related species
(Miller and Tanksley 1990). Even the major domes-
tication characteristic of tomato (increase in fruit
size) is due to mutations in about six QTL (Tanksley
2004), in particular QTL fw2.2, which by itself is
responsible for about 30% of the fruit size phenotype
(Frary et al. 2000). Interestingly, although the
domestication process for this species has been
severe, leading to a narrow genetic base, it is still
possible to ﬁnd several morphological markers for
almost all characteristics (e.g. shoots, leaves, fruits,
ﬂowers). The divergence in morphological markers is
so large that it was possible to produce linkage maps
(Rick and Yoder 1988) which were and are still used
by geneticists and plant breeders around the world,
associated with maps of modern molecular markers
(www.solgenomics.net). Although it is possible to
identify a large number of morphological markers in
tomato, the related genes represent a small percentage
of the total gene pool of commercial cultivars. As an
example, it is possible to cite some classical markers
such as potato leaf (c), Beta (B), white ﬂower (wf),
yellow ﬂesh (r), anthocyaninless (a), hairless (h),
among others (www.tgrc.ucdavis.edu).
On the other hand, it is also possible to identify
cases where the converse occurs, e.g. when plants
express considerable morphological similarity, but
are genetically very different. A typical example is
the Chalco race of teosinte (Zea mays ssp. mexicana),
which is a maize-mimetic weed (Wilkes 1967) found
in maize ﬁelds of Mexico. This weed looks very
much like a maize plant up to the stage of ﬂowering;
however, the isoenzyme proﬁles of Chalco teosinte
and maize plants are genetically divergent (Doebley
et al. 1987). This suggests that Chalco teosinte can
adopt a phenotypic disguise from convergent evolu-
tion of the phenotype to avoid being weeded out,
whilst still retaining its genetic difference. Therefore,
in the same way it cannot be said that phenotypic
distance can be used as a replacement for measuring
genetic distance, or that genetic distance can be used
as a replacement for measuring phenotypic distance.
Therefore, the choice of traits to include in the
determination of phenotypic divergence also counts,
and for various sets the same pool of genotypes will
differ in this divergence. This means that phenotypic
divergence should be analyzed and discussed in a
particular context, given by traits constituting the
basis for a coefﬁcient describing the divergence.
Let us consider an example from an actual
experiment. Eighteen parental lines of F1 hybrids of
winter oilseed rape based on the CMS ogura
hybridization system were examined. The genetic
polymorphisms of the lines were analyzed using 597
random ampliﬁed polymorphic DNA, ampliﬁed frag-
ment length polymorphism and isozyme markers. In
addition, the lines were evaluated in a ﬁeld experi-
ment in two locations, in two years (2002/2003 and
2003/2004), where the four combinations of location
and year were treated as environments. The experi-
ments were laid out in a randomized complete block
design with four replications, conducted at the
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(52100N, 16230E) and Plant Breeding Company
Strzelce Ltd in Borowo (52070N, 16460E), Poland.
The following phenotypic traits were of interest: seed
yield, pod length, number of seeds per pod, thousand
seed weight, beginning of ﬂowering, length of
ﬂowering, content of oil, palmitic acid, stearic acid,
oleic acid, linoleic acid, linolenic acid, eicosenoic
acid, and alkenyl glucosinolates (gluconapine, gluco-
brassicanapine, progoitrine, 4-hydroxybrassicine,
total alkenyl glucosinolates and total glucosinolates).
The Mahalanobis distances (Mahalanobis 1936)
between the lines, determined using these traits, can
be treated as phenotypic similarities between the
lines, established separately for the four environ-
ments. The phenotypic divergence can be interpreted
in the context of the above-mentioned phenotypic
traits. The genetic similarity between the pairs of
lines was determined using the Nei and Li (1979)
coefﬁcient. Thus, these two distances can be thought
of as indices of phenotypic and genetic divergence,
respectively. In Fig. 1, it can be seen that they do not
have to be related at all: genetic divergence was
associated with phenotypic divergence only in
Ziele ˛cin in 2004, while for the three other
environments no such association was detected. It
can also be seen that the phenotypic divergence
varies from environment to environment, and that
even relationships among phenotypic distances in two
environments do not have to be linear and strong.
The basis of morphological and genotypic diver-
gences or similarities could be considered as a
complex genetic system. Differences among varieties
of the same or distinct species may be due to allelic
variation and differential gene expression associated
with morphological and non-physiological traits, in
addition to the genotype-by-environment interaction
of each individual locus, which can create much
phenotypic divergence and noise. Phenotypic diver-
gence reﬂects a small fraction (often unknown) of the
genes and environmental interaction, which are in
general strongly affected by the environment. How-
ever, genetic divergence evaluated with molecular
markers provides a more precise and potentially more
representative portrayal of divergence for the genome
as a whole, but this will depend upon genomic
coverage.
So, why should the two terms be mixed up and
phenotypic divergence be treated as genetic diver-
gence? The bottom line is that the latter can—and
usually does—affect the former, but so does the
environment. These two terms are not equivalent, so
it would be beneﬁcial to stop equating phenotypic
and genotypic divergence as always representing the
same measure of divergence.
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